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3RO\FKORULQDWHGGLEHQ]RGLR[LQV3&''VDQGSRO\FKORULQDWHGGLEHQ]RIXUDQHV3&')VDUHW\SHVRISHUVLVWHQWRUJDQLFSROOXWDQWV
323V ZLWK D ZLGH UDQJH RI WR[LF UHVSRQVHV DQG FDUFLQRJHQLF SURSHUWLHV 7KHVH SROOXWDQWV KDYH D QHJDWLYH LPSDFW RQ WKH
VWHHOZRUNHUV HQYLURQPHQW DQG SRSXODWLRQ 7KH DLP RI WKLV SDSHU LV WR DVVHVV WKH SRO\FKORULQDWHG GLEHQ]RGLR[LQV DQG
SRO\FKORULQDWHGGLEHQ]RIXUDQHVHPLVVLRQVIURPVWHHOPDNLQJLQWKHHOHFWULFDUFIXUQDFHLQRUGHUWRLPSURYHWKHJDVHRXVHPLVVLRQV
PDQDJHPHQW7KHDQDO\VHVRISRO\FKORULQDWHGGLEHQ]RGLR[LQVDQGSRO\FKORULQDWHGGLEHQ]RIXUDQHVZDVSHUIRUPHGXVLQJDKLJK
UHVROXWLRQ JDV FKURPDWRJUDSKKLJK UHVROXWLRQ PDVV VSHFWURPHWHU +5*&+506 $IWHU HYDOXDWLQJ WKH SROOXWLRQ OHYHOV RI
SRO\FKORULQDWHG GLEHQ]RGLR[LQV DQG GLEHQ]RIXUDQHV GXULQJ VWHHOPDNLQJ LW UHVXOWV WKDW WKH WRWDO 3&''V DQG 3&')V
FRQFHQWUDWLRQV LQ WKH VWDFN IOXH JDVHV ZDV  QJ1P LQ WKH FRPSRVLWLRQ RI IOXH JDVHV SUHGRPLQDWHV WKH IROORZLQJ
FRPSRXQGVWHWUDFKORURGLEHQ]RIXUDQ7&')SHQWDFKORURGLEHQ]RIXUDQ3H&')WHWUDFKORURGLEHQ]RSGLR[LQ
7&''  SHQWDFKORURGLEHQ]RSGLR[LQ 3H&''  DQG KH[DFKORUR GLEHQ]RIXUDQ +[&')  WKH FDOFXODWHG
WRWDOYDOXHRI7R[LF(TXLYDOHQW4XDQWLW\7RWDO7(4LVQJ,7(41PWKHOHYHORI3&''DQG3&')FRQFHQWUDWLRQV
GHSHQGV RQ WKH SODVWLF VXFK DV SRO\YLQ\OFKORULGH FRQWHQW RIPDWHULDO LQSXW 7KH UHGXFWLRQRI SROOXWLRQZLWK SRO\FKORULQDWHG
GLEHQ]RGLR[LQVDQGGLEHQ]RIXUDQHVWRWKHVWHHOPDNLQJLQWKHHOHFWULFDUFIXUQDFHLVSRVVLEOHE\FKDUJHFRPSRQHQWVHOHFWLRQDQG
E\WKHXVHRIUDZPDWHULDOVZLWKUHGXFHGSODVWLFVFRQWHQW

7KH$XWKRUV3XEOLVKHGE\(OVHYLHU/WG
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
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.H\ZRUGVSRO\FKORULQDWHGGLEHQ]RGLR[LQV3&''VSRO\FKORULQDWHGGLEHQ]RIXUDQV3&')VIOXHJDVHVVWHHOPDNLQJDLUSROOXWLRQ
,QWURGXFWLRQ
3RO\FKORULQDWHG GLEHQ]RGLR[LQV 3&''V DQG SRO\FKORULQDWHG GLEHQ]RIXUDQHV 3&')V )LJXUH  DUH W\SHV RI
SHUVLVWHQW RUJDQLF SROOXWDQWV 323V ZLWK D ZLGH UDQJH RI WR[LF UHVSRQVHV DQG FDUFLQRJHQLF SURSHUWLHV 7KHVH
SROOXWDQWV FDQ EH FRQVLGHUHG DV HQYLURQPHQWDO TXDOLW\ LQGLFDWRUV RI DQWKURSRJHQLF DFWLYLWLHV 2QH RI WKH PRVW
LPSRUWDQW DQWKURSRJHQLF VRXUFHV RI SRO\FKORULQDWHG GLEHQ]RGLR[LQV DQG SRO\FKORULQDWHG GLEHQ]RIXUDQV IURP WKH
IHUURXV PHWDOV LQGXVWU\ LQFOXGHV VWHHOPDNLQJ LQ WKH HOHFWULF DUF IXUQDFHV >@ 7KH JHQHUDWLRQ RI WKHVH
FRPSRXQGV UHTXLUHV FDUERQ R[\JHQ DQG FKORULQH DV ZHOO DV PHWDOOLF FDWDO\VWV DQG DGHTXDWH WHPSHUDWXUH 7KH
RSWLPDOWHPSHUDWXUHUDQJHIRUS\URV\QWKHVLVRIWKHVHFRPSRXQGVLVEHWZHHQR&>@
,QRUGHUWRDFKLHYHDKLJKHUOHYHORIXQLIRUPLW\DQGFRPSDUDELOLW\RIUHVXOWVGHILQLQJ3&''VDQG3&')VFRQWHQW
LQVDPSOHVRIGLIIHUHQWPDWHULDOVRIGLIIHUHQWRULJLQWKHUHZDVDGRSWHGWKH,QWHUQDWLRQDO7R[LFLW\(TXLYDOHQW)DFWRU
,7()1RZDGD\VWKHDQDO\VLVRI3&''V)VLQYDULRXVVDPSOHVFRPPRQO\LQFOXGHVFRPSRXQGV3&''VDQG
 3&')V DQG WKHLU OHYHO LQ WKH VDPSOH LV GHVFULEHG DV WR[LF HTXLYDOHQW ,7(4 LQ FRUUHODWLRQ ZLWK 
WHWUDFKORULQDWHG GLEHQ]RSGLR[LQ 7&'' ,Q WKH 7DEOH  DUH SUHVHQWHG WKH ,QWHUQDWLRQDO 7R[LFLW\
(TXLYDOHQW)DFWRU,7()UHSRUWHGLQYDULRXVUHIHUHQFHVIURPVSHFLDOL]HGOLWHUDWXUH>@
7KHGLR[LQWR[LFHTXLYDOHQWTXDQWLW\7(4LVDZD\WRH[SUHVVDFRQFHQWUDWLRQRIDPL[WXUHRIGLR[LQVEDVHGRQ
LWVHVWLPDWHGWR[LFLW\FRPSDUHGWRWHWUDFKORURGLEHQ]RSGLR[LQ7&''7KHOHYHOVRIGLR[LQFRQJHQHUVPHDVXUHG
LQHQYLURQPHQWDOVDPSOHVDUHPXOWLSOLHGE\WKHLU,7()WRSURGXFHD7&''WR[LFHTXLYDOHQWRU7(4FRQFHQWUDWLRQ
7KH UHVXOWLQJ7(4V IRUDOOGLR[LQFRQJHQHUVPHDVXUHG LQD VDPSOHDUH WKHQDGGHG WRJHWKHU WRGHWHUPLQH WKH WRWDO
GLR[LQ7(4FRQFHQWUDWLRQIRUWKDWVDPSOH>@
$FFRUGLQJ WR >@ D SLORW VWXG\ZDV FRQGXFWHG RQ D WHQ WRQV HOHFWULF DUF IXUQDFH LQ 6ZHGHQ DQG UHSRUWHG WKH
KLJKHVWHPLVVLRQVDVDQGQJ1RUGLF7(41PGXULQJFRQWLQXRXVFKDUJLQJRSHUDWLRQVEDWFKFKDUJLQJ
ZLWK D IHHGVWRFN FRQVLVWLQJ RI VFUDS PHWDO ZLWK SODVWLFV DQG VFUDS PHWDO ZLWK FXWWLQJ RLOV UHVSHFWLYHO\ ,Q WKH
UHIHUHQFH>@WKHUHZDVFRQGXFWHGDQH[SHULPHQWDOVWXG\RQLQYHVWLJDWLQJSRO\FKORULQDWHGGLEHQ]RGLR[LQV3&''V
DQGSRO\FKORULQDWHGGLEHQ]RIXUDQHV 3&')VHPLVVLRQV IURPDYDULHW\RIHOHFWULFDUF IXUQDFHV LQ*HUPDQ\7KH\
IRXQG RXW WKDW HPLVVLRQV IURP WKHVH IDFLOLWLHV UDQJHG IURP  QJ ,QWHUQDWLRQDO7R[LFLW\ (TXLYDOHQWV 
,7(41P,QWKH8QLWHG6WDWHV>@DSUHOLPLQDU\HVWLPDWLRQRISRWHQWLDO7(4DQQXDOHPLVVLRQVIRUHOHFWULFDUF
IXUQDFHVZDVPDGHE\XVLQJWKHDYHUDJHHPLVVLRQIDFWRUQJ,7(4NJVFUDSGHULYHGIURPWKHGDWDUHSRUWHGE\
UHIHUHQFH >@ REWDLQHG IURP VL[ HOHFWULF DUF IXUQDFHV 7KHUH ZDV QR UHSRUWHG WHVWLQJ RI SRO\FKORULQDWHG
GLEHQ]RGLR[LQVDQGGLEHQ]RIXUDQHVHPLVVLRQVLQ8QLWHG6WDWHVHOHFWULFDUFIXUQDFHV7KLVOHGWRDQDQQXDOHPLVVLRQ
HVWLPDWLRQRIJ,7(4IRUHOHFWULFDUFIXUQDFHV>@
$FFRUGLQJWRWKHUHVXOWVSUHVHQWHGLQWKHUHIHUHQFH>@WKHWRWDOGLR[LQVDQGIXUDQVFRQFHQWUDWLRQVLQWKHVWDFNRII
JDVHVRIWZRHOHFWULFDUFIXUQDFHVZHUHDQGQJ,7(41P


)LJ6WUXFWXUDOIRUPXODRISRO\FKORULQDWHGGLEHQ]RGLR[LQV3&''VDQGSRO\FKORULQDWHGGLEHQ]RIXUDQHV3&')V

,Q5RPDQLDWKHUHDUHQRVWXGLHVRQDVVHVVLQJWKHHPLVVLRQVRIGLR[LQVDQGIXUDQVHPLVVLRQVIURPVWHHOPDNLQJLQ
WKHHOHFWULFDUF IXUQDFHV)URP WKH LQGXVWULDO  WHFKQLFDOSRLQWRIYLHZLW LV LPSRUWDQW WRDVVHVV WKHSRO\FKORULQDWHG
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GLEHQ]RGLR[LQV 3&''V DQG SRO\FKORULQDWHG GLEHQ]RIXUDQHV 3&')V HPLVVLRQV IURP VWHHOPDNLQJ LQ RUGHU WR
LGHQWLI\WKHOHYHORISROOXWLRQDQGWRUHGXFHWKHFRQFHQWUDWLRQRIWKHVHSROOXWDQWV
7KH DLP RI WKLV SDSHU LV WR DVVHVV WKH SRO\FKORULQDWHG GLEHQ]RGLR[LQV DQG GLEHQ]RIXUDQV HPLVVLRQV IURP
VWHHOPDNLQJLQWKHHOHFWULFDUFIXUQDFHVLQRUGHUWRLPSURYHWKHLQGXVWULDOHPLVVLRQVPDQDJHPHQWE\LGHQWLI\LQJWKH
VRXUFHVWKDWJHQHUDWHVWKHVHSHUVLVWHQWRUJDQLFSROOXWDQWV323V
7KHREMHFWLYHVRIWKHSDSHUDUH
x WKHDVVHVVPHQWRIWKHGLR[LQDQGIXUDQFRQFHQWUDWLRQVLQWKHVWDFNIOXHJDVHVIURPHOHFWULFDUFIXUQDFH
x WKHLGHQWLILFDWLRQRIWKHGLR[LQVDQGIXUDQVHPLWWLQJVRXUFHVWRWKHVWHHOPDNLQJLQWKHHOHFWULFDUFIXUQDFHV
x HVWDEOLVKLQJPHWKRGVWRUHGXFHGLR[LQVDQGIXUDQVWRWKHVWHHOPDNLQJ
7DEOH,QWHUQDWLRQDO7R[LFLW\(TXLYDOHQW)DFWRUV7()IRUGLR[LQDQGIXUDQFRQJHQHUV>@
'LR[LQDQGIXUDQFRQJHQHUV ,7() ,7()
7HWUDFKORURGLEHQ]RSGLR[LQ
7&''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
3H&')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+H[DFKORURGLEHQ]RIXUDQ
+[&')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+H[DFKORURGLEHQ]RIXUDQ
+[&')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 
+H[DFKORURGLEHQ]RIXUDQ
+[&')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 
+H[DFKORURGLEHQ]RIXUDQ
+[&')
 
+HSWDFKORURGLEHQ]RIXUDQ
+S&')
 
+HSWDFKORURGLEHQ]RIXUDQ
+S&')
2FWDFKORURGLEHQ]RIXUDQ
2&')






0DWHULDODQG0HWKRG
7KH VWDFN IOXH JDV VDPSOHVZHUH FROOHFWHG IURP DQ HOHFWULF DUF IXUQDFHZLWK DONDOLQH OLQLQJ7KH W\SH RI VWHHO
SURGXFHG ZDV FDUERQ VWHHO DQG LQ WKH FKDUJH FRPSRVLWLRQ DV D UDZ PDWHULDO ZDV XVHG VFUDS UHVXOWHG IURP WKH
448   Dana -Adriana Ilutiu - Varvara /  Procedia Technology  22 ( 2016 )  445 – 451 
DXWRPRELOHLQGXVWU\7KHVDPSOLQJSURFHGXUHVIROORZHGWKH(XURSHDQ6WDQGDUG(1>@7KHUDQJHRI
SDUDPHWHUV GXULQJ WKH VDPSOLQJ SURFHGXUH ZDV ZDVWH JDV WHPSHUDWXUH R& SUHVVXUH PP+J R[\JHQ 2
FRQWHQWDQGJDVYHORFLW\PV7KHVDPSOLQJWHVWVODVWHGRYHUKXVLQJWKHSURFHGXUHPHQWLRQHGDERYH
7KHDQDO\VLVRISRO\FKORULQDWHGGLEHQ]RGLR[LQVDQGSRO\FKORULQDWHGGLEHQ]RIXUDQHVZDVSHUIRUPHGXVLQJDKLJK
UHVROXWLRQ JDV FKURPDWRJUDSKKLJK UHVROXWLRQ PDVV VSHFWURPHWHU +5*&+506 3RODULV 4 7KH PHWKRG
+5*&+506LVFRQVLGHUHGWREHYHU\HIIHFWLYHIRUWKHDQDO\VLVRIGLR[LQVDQGIXUDQVEHFDXVHWKLVPHWKRGKDVD
QXPEHURIDGYDQWDJHVKLJKVHQVLWLYLW\DQGGHWHFWLRQOLPLWVGRZQWRWKHSLFRJUDPVIRUVROLGVDPSOHVUHVSHFWLYHO\
IHQWRJUDPVIRUDLUVDPSOHVKLJKVHOHFWLYLW\VSHFLILFLW\GLVWLQJXLVKHVEHWZHHQGLIIHUHQWLVRPHUVKLJKDFFXUDF\DQG
SUHFLVLRQ>@
6WDFN HPLVVLRQ WHVWLQJ ZDV FDUULHG RXW XVLQJ (1  DQG (1 PHWKRGV IRU GHWHUPLQLQJ
3&''V3&')VIURPVWDWLRQDU\VRXUFHV>@
7KHFDOFXODWLRQRIWKH7R[LF(TXLYDOHQW4XDQWLW\7(4ZDVEDVHGRQWKH,QWHUQDWLRQDO7R[LFLW\(TXLYDOHQW
)DFWRUV,7()7DEOH7KH7RWDO7R[LF(TXLYDOHQW4XDQWLW\7RWDO7(4ZDVFDOFXODWHGXVLQJWKHIROORZLQJ
IRUPXOD
@7(41P>QJ,7(4  ,7()&,7()&,7()&7RWDO   
ZKHUH7RWDO7(4LVWRWDO7R[LF(TXLYDOHQW4XDQWLW\>QJ,7(41P@
&WKHFRQFHQWUDWLRQRIWKHWHWUDFKORURGLEHQ]RSGLR[LQ7&''>QJ1P@
,7(),QWHUQDWLRQDO7R[LFLW\(TXLYDOHQF\)DFWRUIRUWKHWHWUDFKORURGLEHQ]RSGLR[LQ7&''
&WKHFRQFHQWUDWLRQRIWKHSHQWDFKORURGLEHQ]RSGLR[LQ3H&''>QJ1P@
,7(),QWHUQDWLRQDO7R[LFLW\(TXLYDOHQF\)DFWRUIRUWKHSHQWDFKORURGLEHQ]RSGLR[LQ3H&''
&WKHFRQFHQWUDWLRQRIWKHRFWDFKORURGLEHQ]RIXUDQ2&')>QJ1P@
,7(),QWHUQDWLRQDO7R[LFLW\(TXLYDOHQF\)DFWRUIRUWKHRFWDFKORURGLEHQ]RIXUDQ2&')
5HVXOWVDQG'LVFXVVLRQV
,Q )LJXUH  WKHUH DUH VKRZQ WKH SHUFHQWDJH FRQFHQWUDWLRQV RI SRO\FKORULQDWHG GLEHQ]RGLR[LQV 3&''V DQG
SRO\FKORULQDWHGGLEHQ]RIXUDQHV3&')VLQWKHVWDFNIOXHJDVHVIURPVWHHOPDNLQJLQWKHHOHFWULFDUFIXUQDFH


)LJ3HUFHQWDJHFRQFHQWUDWLRQVRISRO\FKORULQDWHGGLEHQ]RGLR[LQV3&''VDQG
SRO\FKORULQDWHGGLEHQ]RIXUDQHV3&')VLQWKHVWDFNIOXHJDVHVIURPHOHFWULFDUFIXUQDFH
,Q )LJXUH  WKHUH DUH VKRZQ WKH FRQFHQWUDWLRQV DQG WKH WRWDO FRQFHQWUDWLRQV RI SRO\FKORULQDWHG GLEHQ]RGLR[LQV
3&''VDQGSRO\FKORULQDWHGGLEHQ]RIXUDQHV3&')VLQWKHVWDFNIOXHJDVHVIURPVWHHOPDNLQJLQWKHHOHFWULFDUF
IXUQDFH
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

)LJ3RO\FKORULQDWHGGLEHQ]RGLR[LQV3&''VDQGSRO\FKORULQDWHGGLEHQ]RIXUDQHV3&')V
FRQFHQWUDWLRQVLQWKHVWDFNIOXHJDVHVIURPHOHFWULFDUFIXUQDFH
,Q )LJXUH  WKHUH DUH VKRZQ WKH FRPSXWHG YDOXHV IRU WKH 7R[LF (TXLYDOHQW 4XDQWLW\ 7(4 DQG 7RWDO 7R[LF
(TXLYDOHQW4XDQWLW\7RWDO7(47KH,QWHUQDWLRQDO7R[LFLW\(TXLYDOHQF\)DFWRU,7()ZDVXVHGWRFRPSXWHWKH
WR[LFLW\ZHLJKWRIGLR[LQDQGIXUDQFRQFHQWUDWLRQV


)LJ7R[LF(TXLYDOHQW4XDQWLW\7(4IRUHDFKGLR[LQVDQGIXUDQVDQG7RWDO7R[LF(TXLYDOHQW4XDQWLW\7RWDO7(4

)URPWKHDQDO\VLVRIWKHGDWDSUHVHQWHGLQ)LJXUHDQGLWUHVXOWVWKDW
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x LQ WKH FRPSRVLWLRQ RI IOXH JDVHV SUHGRPLQDWHV WKH IROORZLQJ FRPSRXQGV WHWUDFKORUR GLEHQ]RIXUDQ 7&')
 SHQWDFKORUR GLEHQ]RIXUDQ 3H&')  WHWUDFKORUR GLEHQ]RSGLR[LQ 7&''  SHQWDFKORUR
GLEHQ]RSGLR[LQ3H&''DQGKH[DFKORURGLEHQ]RIXUDQ+[&')
x WKHWRWDOSRO\FKORULQDWHGGLEHQ]RGLR[LQVDQGSRO\FKORULQDWHGGLEHQ]RIXUDQHVFRQFHQWUDWLRQLQWKHVWDFNIOXHJDVHV
ZDVQJ1P
x WKHFRPSXWHGWRWDOYDOXHRI7R[LF(TXLYDOHQWV7(4VIRUGLR[LQVDQGIXUDQVLVQJ,7(41P
x WKH OHYHO RI SRO\FKORULQDWHGGLEHQ]RGLR[LQV DQGSRO\FKORULQDWHGGLEHQ]RIXUDQHV FRQFHQWUDWLRQVGHSHQGVRQ WKH
SODVWLFVXFKDVSRO\YLQ\OFKORULGHFRQWHQWRIWKHFKDUJH
7KHSRWHQWLDOVRXUFHVWKDWJHQHUDWHWKHGLR[LQVDQGIXUDQVHPLVVLRQVLQWKHVWHHOPDNLQJDUHSRO\YLQ\OFKORULGH
FRDWLQJVDQGSDLQWLQJVIURPWKHVFUDSUHVXOWHGIURPWKHDXWRPRELOHLQGXVWU\
7KH UHVXOWVRI WKHH[SHULPHQW VKRZHG WKDW WKH WRWDOGLR[LQVDQG IXUDQV7R[LF(TXLYDOHQW4XDQWLW\ 7(4 IURP
VWHHOPDNLQJLQWKHHOHFWULFDUFIXUQDFHZHUHKLJKHUWKDQWKHGLR[LQVDQGIXUDQVHPLVVLRQVSUHVHQWHGLQWKH'LUHFWLYH
(8IRUDVWDWLRQDU\VRXUFHQJ7(41P>@
&RQFOXVLRQV
%HFDXVHRIWKHFRQWHQWRISRO\YLQ\OFKORULGHFRDWLQJVDQGSDLQWLQJVDVZHOODVRWKHUQRQIHUURXVPDWHULDOVLQWKH
FKDUJHGXULQJPHOWLQJGLR[LQVDQGIXUDQVDUHHPLWWHG
$FFRUGLQJWRWKHUHVXOWVREWDLQHGWKH7RWDO7R[LF(TXLYDOHQW4XDQWLW\7RWDO7(4IRUGLR[LQVDQGIXUDQVIURP
VWHHOPDNLQJLQWKHHOHFWULFDUFIXUQDFHZDVWLPHVKLJKHUWKDQWKHOLPLWVSHFLILHGLQWKH'LUHFWLYH(8
7KHUHGXFWLRQRISROOXWLRQZLWKGLR[LQVDQGIXUDQV WR WKHVWHHOPDNLQJ LQ WKHHOHFWULFDUF IXUQDFH LVSRVVLEOHE\
FKDUJHFRPSRQHQWVHOHFWLRQDQGE\WKHXVHRIUDZPDWHULDOVZLWKUHGXFHGSODVWLFVFRQWHQW
7KHUHIRUH XVLQJ VRPH DLU SROOXWLRQ FRQWURO PHWKRGV VXFK DV DFWLYDWHG FDUERQ LQMHFWLRQ DQG EDJ ILOWHU DUH
QHFHVVDU\ WR UHGXFH SRO\FKORULQDWHG GLEHQ]RGLR[LQV DQG SRO\FKORULQDWHG GLEHQ]RIXUDQHV FRQFHQWUDWLRQV IURP WKH
VWHHOPDNLQJLQWKHHOHFWULFDUFIXUQDFH
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